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Observation of Frequency Division 
and Chaotic Behavior in a Laser Diode 
driven by a Resonant Tunneling Diode
2Introduction
 We report on a novel approach to OptoElectronic
integrated circuits (OEIC’s) for optical transmitters 
 Hybrid integration of a Resonant Tunneling Diode 
and a communication laser diode (the RTD-LD)
 RTD-LD shows a variety of very interesting and 
potentially useful operating regimes including 
frequency division and chaos generation
3Outline
 RTD-LD Circuit and Model descriptions
 Optoelectronic Self-sustained oscillations
 Optoelectronic Frequency Divider
 Optical Chaos in a communications laser diode circuit
 Chaotic behaviour and Phase Space Diagrams in a 
790 nm laser diode circuit
 Synchronization Maps using Liénard’s model
 Chaotic Behavior: RTD-LD Liénard’s model
 Summary and Conclusion
4RTD-LD Circuit Description
Schematicof the RTD-LD hybrid optoelectronic
integrated circuit (OEIC)
Experimental DC I-V characteristics 
for the RTD-LD oscillator
Integration of a RTD with an 
optical waveguide
5Optoelectronic oscillator model
Liénard’s oscillator – nonlinear dynamical system
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6Self-sustained oscillations
Optoelectronic oscillator: experiment and model
Electrical self-sustained oscillations Photo-detected signal and model
Model circuit parameters: L=8 nH, C=5 pF, R=1 Ω, VDC=1.8 V, VAC=0 V
7Optoelectronic Frequency Divider
Experimental laser output injecting RF signals VACsin(2πfint)
(a) Laser output and model in time domain showing frequency 
division by 2 when VAC=150 mV and fin=0.9 GHz
(b) Experimental and model RF spectrum of the laser output showing 
frequency division by 5 when VAC=150 mV and fin=2.5 GHz
(a) (b)
8Optical Chaos in a communications 
laser diode circuit
The input RF frequency is 2.2 GHz           
@ 0.5 V and the DC bias is 1.806 V
The input RF frequency is 2.2 GHz          
@ 0.5 V and the DC bias is 1.809 V V
When the RTD-LD system is not synchronized, either quasi-
periodic oscillations or chaotic signals are observed
9Chaos in a 790 nm laser diode (1)
Electrical and Optical RF Spectra
The input RF frequency is 1.485 GHz, the AC power 0.8 V 
and the DC bias is 3.9 V (~933 MHz self-oscillations)
Electrical Output Laser Diode Output
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Chaos in a 790 nm laser diode (2)
Direct observation of chaotic signals in time domain
The input RF frequency is 2.871 GHz, the AC power 0.4 V 
and the DC bias is 3.79 V (~800 MHz self-oscillations)
Electrical Output Laser Diode Output
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Experimental Phase Space Diagrams
RTD-LD 790 nm laser diode circuit
Limit Cycle
Frequency
Division by 2
Frequency
Division by 3 Chaos
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Liénard’s RTD-LD Synchronization Map
Experimental results are confirmed by the Liénard´s theory when 
compared with the theoretical synchronization map
(a) Shows the region 
of synchronisation 
(white) and 
unsynchronised 
regions (blue)
(b) Bifurcation map as 
a function of the 
applied frequency
Fixed applied signal 
amplitude of 0.15 V
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Liénard’s RTD-LD 2D Synchronization Map
The RTD-LD 2D synchronization map (Arnold’s Tongue) shows 
the synchronized areas as a function of the normalized 
amplitude and frequency of the RF applied signal
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Chaotic Behavior: RTD-LD Liénard’s model
We used the Lyapunov Characteristic Exponents (LCEs) to 
analyze the stability of the RTD-LD Liénard´s dynamical system 
and to check sensitive dependence on initial conditions
Chaotic regions C1 (exponent > 0) when AC amplitude is 3 V
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Summary and Conclusion
 The operation of the resonant tunneling diode - laser 
diode (RTD-LD) circuit can be described using a 
Liénard’s oscillator
 The model can be used to predict the frequency 
division, quasi-periodic and chaos behavior of the 
RTD-LD electrical and optical outputs
 RTD-LD applications include clock recovery and data 
encryption using electrical and optical chaotic signals
